Ul RNA from cultured Drosophila melanogaster cells (K c ) was identified by its ability to be recognized, as an RNP, by anti-(Ul)RNP antibodies from human lupus patients. Its sequence was deduced largely from direct analysis of the RMA molecule and then confirmed by DNA sequence determinations on a genomic clone isolated by hybridization to Drosophila Ul RNA. The Drosophila Ul RNA sequence exhibits 72% agreement with human Ul RNA. Nucleotides 3-11, which are complementary to the entire consensus sequence for donor (5') splice junctions in hnRNA, and to part of the acceptor (3') consensus, are exactly conserved. However, nucleotides 14-21, postulated to interact only with acceptor junctions, differ. Comparison of the Drosophila Ul sequence with vertebrate Ul sequences allows a particular secondary structure model to be preferred over others. These results are consistent with the hypothesis that Ul snRNPs are involved in splicing, but suggest specific modifications of the model detailing molecular interactions between Ul RNA and hnRNA during the splicing reaction.
INTRODUCTION
Ul RNA is an abundant small nuclear RNA (snRNA) which was first observed in vertebrate cell nuclei over a decade ago (1). The first Ul RNA sequence (from rat) was published in 1974 (2). More recently, Ul RNAs from humans and chickens have been sequenced, and the original rat sequence has been corrected (3,4). In cell extracts, Ul RNA exists as a protein complex (snRNP) (5), which is sometimes found associated with heterogeneous nuclear RNA-protein complexes (hnRNP) (6,7). SnRNPs containing Ul are recognized by two classes of antisera from patients with the autoimmune disease systemic lupus erythematosus (5). One of these antibodies, known as anti-Sm, also binds snRNPs containing the small nuclear RNAs U2, U4, U5 or U6. A second class of antisera recognizes only Ul snRNPs; the historic name of this specificity is anti-RNP, but we will use the name anti-(Ul)RNP in order to avoid confusion.
The 5' terminus of vertebrate Ul RNA is m-GpppAmUmACTS'ACCUGGCAGGGGAGA. ..
The underlined portion of this sequence is extensively complementary to the C A consensus AG/GTJVGT (7; S. Mount, in preparation) for sequences occurring at the 5' ends of intervening sequences in nuclear genes specifying mRNAs.
The overlined region of the Ul sequence is complementary to the consensus for T C the 3' ends of intervening sequences, which is (") N,_AG/G (where n is usually between 15 and 30). These observations, together with information about the abundance, subcellular location and antigenic conservation of Ul snRNPs, led us (7) and others (8) to speculate that Ul snRNFs might play a role in splicing. More recently, the demonstration that anti-(Ul)RNP antibodies inhibit splicing in isolated nuclei has provided experimental support for this idea (9) . Invertebrates (10), protozoans (11) and plants (12) splice at least some of their nuclear-encoded mRNAs, and the splice junctions in these organisms conform nicely to the above consensus sequences (which are derived primarily from vertebrate genes).
If Ul snRNPs are indeed involved in the recognition of conserved splice junction sequences, then the 5' terminus of Ul RNA should likewise be highly conserved. Here we present confirmation of that prediction in the case of the invertebrate Drosophila melanogaster. Sequences within Ul postulated to interact with donor splice junctions, and with the region of acceptor splice junctions immediately surrounding the splice point, are exactly conserved.
However, the region of Ul RNA postulated to interact with the pyrimidine stretch preceding acceptor splice junctions is not conserved.
MATERIALS AND METHODS

Cell lines, maintenance, and labeling
The K c cell line, supplied by Dr. Michael W. Young, Rockefeller University, was maintained in D22 medium as described (13) . K c cells were radioactively labeled in incomplete D22 (lacking yeast extract) for 10-15 hours in the presence of 100 yCi/ml 32po4. Friend erythro leukemia cells (mouse), from Dr. A. Sartorelli, Yale University, were maintained on RPM1 1640 (GIBCO), supplemented with 5% heat-inactivated bobby calf serum (GIBCO), 60 vig/ml penicillin, and 100 yg/ml streptomycin. Friend cells were radioactively labeled at 2 x 105 cells/ml in phosphate-free minimal essential medium (MEM-GIBCO) for 15-20 hours in the presence of 10 wCi/ml 32P04.
Sera
Sera from patients with lupus or related autoimmune disorders were provided by Dr. J. Hardin, Yale University, Dr. E. Tan, U. of Colorado, and 
RNA fractionation and analysis
Immune complexes were precipitated using Pansorbin (Calbiochem) and the extracted RNAs were fractionated in one dimension on polyacrylamide gels as previously described (15) .except that the concentration of Tris borate in the gels and buffer was raised to 90 mM. RNAs were eluted by the crushand-soak method (17).
Tl RNase and RNase A fingerprints were prepared as described by Barrell (18) using thin layer homochromatography on Cel PEI 300 (Brinkmann) in the second dimension (5). Oligonucleotides were subsequently eluted and analyzed by digestion with a second nuclease followed by separation either on DEAE paper at pH 3.5 (18), in the two-dimensional system used for fingerprint analysis, or in the chromatographic systems designed by Nishimura (19) for the analysis of modified nucleotides.
Unlabeled RNA was immunoprecipitated and labeled at the 5' end using tobacco acid pyrophosphatase and polynucleotide kinase (20) Frequently, two fragments of dUl were found in anti-(Ul)RNP immunoprecipitates (not shown). XI and RNase A fingerprints (together with confirming secondary digests) showed that these fragments were 5' and 3' pieces. They were therefore useful in localizing many oligonucleotides. The precise site of the cleavage that generates these two fragments is indicated by an arrow in Figure 2 and was deduced from the high yield of oligonucleotide 10 (AAUG) in a Tl RNase fingerprint of the 3' fragment.
A great deal of sequence information was provided by enzymatic sequencing of end-labeled dUl RNA (see Materials and Methods). Use of the enzymes CL3 and B.. cereus ribonuclease enabled pyrimidine discrimination in most cases (see Figure 4 ) . Gels could be read accurately up to 130 nucleotides from the labeled end. However, distortion of band spacing and inefficient cutting, presumably due to secondary structure (see Fig. 8 ), rendered nucleotides 137-164 unreadable whether the label was on the 3' or the 5' end. .Additionally, pyrimidine discrimination based on the RNA sequencing gels alone, though usually proven later to be correct by the DNA sequence, was never convincing. 3 and 4 ) . GMF, AMP, UMF and CMP markers are shown in lanes 1,2,7 and 8 respectively. of these exhibits a mobility typical of orthophosphate; the other migrates ahead of the AMP marker, which itself is known to move faster than both 7 methyl G and 2,2 dimethyl G in this system. Because the dUI cap migrates identically to m3G, but significantly differently from other nucleotides, it is reasonable to conclude that the dUI cap is m3G. Selection and sequencing of a genomic clone Because uncertainties in a few regions of the dUI sequence were not easily resolved by repeated analyses of the RNA itself, a genomic clone was isolated and sequenced. As detailed in Materials and Methods, a library of I), melanogaster (strain Canton S) DNA cloned into X Charon 4A was screened by hybridization to 32p-l a beled dUI. A hybridizing recombinant phage was isolated, and the dUI region was localized to a single 4. Comparison of the primary structures of comparable RNA molecules from diverse species has proven an excellent source of secondary structure information (33). It therefore seemed reasonable that the sequence of Drosophila Ul RNA might allow certain RNA conformations to be preferred over others. The approach used here was to generate a number of candidate structures for human Ul and reject those not compatible with the Drosophila sequence. First, a list of possible secondary structure interactions was obtained using the dyad symmetry program of Queen and Korn (24). These were then combined in various ways to form seven candidate structures, each having a calculated stabilization energy (-AG) of greater than 50 Kcal per mole (25). All but one of these human Ul RNA structures (and most of the secondary structure interactions from which the structures were derived) are inaccessible to Drosophila Ul RNA. The one structure available to Ul RNA from both species is shown in Figure 8 . Note that the few differences in the rat and chicken Ul sequences do not prevent these RNAs from being drawn in this way.
DISCUSSION
Ul RNA has been postulated to perform a specific function in the processing of eukaryotic mRNA precursors by utilizing base pairing to align splice junctions in hnRNA (7,8). Our finding that the sequence of Drosophila Ul is completely conserved in the region complementary to the donor (5') splice junction consensus sequence for all eukaryotic species adds further support to this hypothesis. Moreover, both the lack of conservation of the portion of the Ul sequence postulated to interact with the pyrimidine- As has been found with other conserved RNAs (33), it is the singlestranded regions of the different Ul RNAs which are most highly conserved (see Fig. 8 ) . Interestingly, there are six positions (22,34,36,61,66 and 67) in which the Drosophila. human and rat sequences agree, but the chicken sequence differs (Fig. 2) , and five of these changes are of unpaired bases. 
